ABSTRACT. Rheological characteristics of six types of waxy oils were measured with rotational co-axial cylinder viscometer at different temperatures of 282, 285, 288, 291, 294 and 297K.
]. Introduction
The pumping power of non-Newtonian fluid (crude oil) and the function and working durability of lubricant oil depend on their viscosity which is strongly depend on the temperature.
Many studies have described the behavior of crude oils as shear-thinning with or without a yield stress (1) (2) (3) (4) (5) . The rheological behavior of crude oils can be well described by applying the power-law modell h l.
Apparently there is no single theory for the precise prediction of the change in liquid viscosity with temperature. Eyring[71 developed an approximate theory, for 91 the rough estimation of liquid viscosity as a function of temperature. This theory is based on the physical properties of the liquid. Amin and Maddox [8] reviewed the common correlations used for the prediction of liquid viscosity. These are summarized in Table 1 . None of the above researchers have proposed an equation describing the viscosity of certain types of crude oils, which exhibit shear-thinning behavior as function of temperature and shear rate.
The objective of this study is to developed a simple relationship for the prediction of viscosity as a function of temperature and shear rate, which is suitable for specific waxy crude oils.
Experiment
The viscometer used to measure the shear stress and shear rate of the fluids tested was a rotating bob type coaxial cylinder viscometer (HAAKE Rotovisco Model RV-12). The outer stationary cylinder (cup) is surrounded by a temperature controlled water jacket. Inside the cup, there is an inner cylinder (bob) of smaller diameter' which rotates to shear the material in the gap between the cup and bob. There are many possible combinations of the size and type of bobs and cups for this instrument. The set of NY cup and bob was chosen because it has the biggest surface area of any sensor system, and hence the greats sensitivity. A schematic diagram of the experimental set up "is shown in Fig. 1 and more details about this apparatus are given in AIFarissl 6 1. 
Tested Materials
Six types of waxy oil were tested. The different waxy oil were prepared by choosing three kinds of base oil from Riyadh refinery (700) with different wax melting points 316,322 and 333 K. Two wax content were used for each of the above base oil, 3 and 6 wt%. The viscosity measurement for each of base oil were performed at 282, 285, 288,291, 294 and 297 K.
Results and Discussion
Many well known correlations are available in the literature for viscosity prediction of liquid as summarized in Table I . None of these correlations includes the effect of shear rates. Al-Farissl 9 1modified Eyring equation to account for the effect of shear rate by including the term (-i/'), i.e., the combination between Newtonian behavior represented by the Eyring form of equation and the non-Newtonian behavior represented by the power-law model. The modified equation take the form. The coefficients of the proposed equation are given in Table 2 and the experimental measurements of viscosity and its deviation from the viscosity calculated from the proposed equation at different shear rate are shown in Tables 3-8 . The maximum ab-solute error obtained in all the 180 points was 37.3% and the overall absolute error was 8.5%. The shear rate effect on the viscosity is shown in Fig. 2-7 . These figures illustrate the variation of viscosity with shear rate for different temperatures and solid lines represent the proposed equation. It is clear from Table 2 that the values of the constant C are higher for higher wax content, i.e., 3% wax oils are close to Newtonian fluid, while 6% wax oils showed more non-Newtonian behavior. This means that the last term ( ..ye) in the proposed equation is working as a correction factor for the non-Newtonian behavior.
:::a. 5 . Effect of temperature on the viscosity of waxy base oil (700) with 6% wax content and wax melting point of 322 K.
.. Generally the experimental data of the 3% wax oils tested show less deviation from the proposed equation than the waxy oil with 6% wax, also more deviations were noticed at lower temperatures tested. These deviations between experimental and predicted results are due to the limitation of using the power law model, since it is good for the shear rate range investigated only. Also experimental errors are due to the accuracy of the device used for shear stress and shear rate measurements finally, the super position technique used to develop the proposed model plays great part in viscosity prediction.
Conclusion
A correlation has been proposed to predict the vIscosity of non-Newtonian oils as a function of temperature and shear rate. "fhe correlation can be used for both Newtonian and non-Newtonian liquids. The correlation coefficients were obtained from regressing 180 experimental viscosity measurements for six type of waxy oil at different temperatures of 282, 285, 288, 291, 294, and 297 K. The proposed correlation gives an overall absolute error of 8.5% and maximum absolute error of 37.3 % . 
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